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Abstract
Background: Asthma and other chronic airway diseases can be effectively treated by inhaler
therapy. Inhaler therapy depends on appropriate use of the inhaler. This study evaluates the
knowledge among Dutch children and their parents regarding asthma inhaler therapy and
appropriateness of its use.
Findings: Five general practices selected all children aged 0 to 12 years on asthma inhalation
medication. Children demonstrated inhaler use and were interviewed with their parents.
46 subjects were enrolled; mean age 5.5 years (SD 3.4) years; 26 (57%) were boys. Of the children
using one inhaler only, 70% used the inhaler as indicated and of those using more than one inhaler
46%. On average 2.6 mistakes were made during demonstration of the technique, and 2 mistakes
were reported in the interview. In total, 87% of the parents decided when and how the inhaler had
to be used. Spacer cleaning was performed correctly by 49%; 26% reported a correct way of
assessing how many doses were remaining.
Conclusion: Dutch children make essential mistakes related to inhaler use that are easy to avoid.
We recommend a better explanation and demonstration of the technique, and recommend
involvement of the parents during instruction.
Introduction
Asthma and other chronic airway diseases can be effec-
tively treated by inhaler therapy [1]. Inhaler devices come
in a variety of types, such as metered dose inhalers (MDI)
or dry powder inhalers (DPI). Irrespective of the type of
inhaler device used, the outcome of inhaler therapy
largely depends on appropriate use of the inhaler.
Appropriate use primarily involves the correct inhalation
technique. A poor inhalation technique reduces drug dep-
osition in the lungs [2]; moreover, the more mistakes
made in the inhalation technique the lower the beneficial
effect on lung function [3]. From adults it is known that
89% of the patients make at least one mistake in the inha-
lation technique [4]. Also children face difficulties in
using an inhaler. A study among Taiwanese children
showed that none of the children had a perfect inhalation
Published: 13 July 2009
BMC Research Notes 2009, 2:129 doi:10.1186/1756-0500-2-129
Received: 18 March 2009
Accepted: 13 July 2009
This article is available from: http://www.biomedcentral.com/1756-0500/2/129
© 2009 van der Wouden et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Research Notes 2009, 2:129 http://www.biomedcentral.com/1756-0500/2/129
Page 2 of 5
(page number not for citation purposes)
technique [5], a Dutch study reported that even after
instructing children the overall inhalation technique
remained poor [6]. In contrast, a study from Malta
showed that only 17% of children using an MDI with a
spacer device had a poor technique [7].
Appropriate inhaler use also involves actual use compared
with the advised regimen of the prescriber. Several studies
have shown that, even with adequate inhaler use
(between 50 and 80% of prescribed doses), compliance
with inhalation corticosteroids (ICS) is far from perfect
[8-12]. Overuse of bronchodilators has also been reported
and some parents confuse the corticosteroid inhaler (for
maintenance therapy) with the bronchodilator inhaler (to
be used in case of symptoms) [13,14].
Little is known about the current situation regarding the
appropriate use of inhalers by children in the Nether-
lands. Therefore the purpose of this study is to determine
the level of knowledge of children and their parents asso-
ciated with the correct use of the inhaler. We also wanted
to identify inconsistencies between use of inhalers com-
pared with prescriber advice on inhaler use.
Methods
Subjects
We included all children aged from 0 to 12 years who had
been prescribed inhalation medication in the last three
months. For this reason, the electronic patient files were
searched for patients who had been prescribed relevant
medication using the ATC codes R03A (adrenergics) and
R03B (other drugs for obstructive airway diseases, includ-
ing ICS) [15]. A convenience sample of five Dutch general
practices in both rural and urban areas was invited to par-
ticipate.
Data collection
The general practitioner (GP) sent parents of the children
a letter with an informed consent form, a request to par-
ticipate, and an answer form that had to be returned to the
investigators. Subjects that responded positively were vis-
ited at home during the period April to July 2007 by a
well-trained investigator who observed the inhalation
technique and held a face-to-face interview.
Questions on the inhalation technique were posed to the
children themselves if they were aged five years and older;
if they were younger the parents answered these ques-
tions. Additional general questions were always answered
by the parents.
Assessing appropriate use
The investigator assessed the child's inhalation technique
using an inhaler specific checklist adapted from the check-
lists of the Dutch Asthma Foundation [16,17]. Children
were asked to demonstrate their inhalation technique and
any mistakes were written down. Essential mistakes were
identified [17]. These involved preparing or loading the
device prior to inhalation; slow continuous inhalation
(MDI) or deep forceful inhalation (DPI); waiting too long
before inhaling a spacer after activating the MDI; and
incorrect spacer mask use.
In order to exactly compare inhalation technique itself
with knowledge on inhalation technique, the investigator
administered a second questionnaire after the child had
demonstrated the inhalation technique.
Finally the parents were asked how they assessed the
number of remaining doses and how they cleaned the
device. Both questionnaires can be found in the addi-
tional file [see Additional file 1].
Assessing actual use compared with prescribed daily dose
After the interview, the pharmacy prescription labels of
the inhalation medication were collected. With permis-
sion of the parents, the information written on the pre-
scription label was copied. If the label was no longer
available the parents were asked to provide written con-
sent to obtain the prescription details from the GP.
Data analysis
All data were analysed with SPSS version 11.0. All analyses
were descriptive.
Results
Response and inhaler use
All five practices agreed to participate and a total of 162
children were selected from the electronic medical files. A
reply was received from 56 subjects (34%), of which 10
(16%) refused to participate. The most frequently men-
tioned reason for refusal (among responders) was that the
inhalation medication was no longer used. The most fre-
quent reason for refusal (among responders) was that the
inhalation medication was no longer used. Two subjects
refused because of a stressful situation at home. The 46
subjects (28%) enrolled had a mean age of 5.5 (SD 3.4)
years. Thirty (65%) were aged five years or older. Twenty-
six (57%) of the subjects were boys. Twelve (26%) of the
children lived in an urban region, while 34 (74%) lived in
a rural area. Most children (n = 41; 89%) used an MDI in
combination with a spacer device, four children (9%)
used a DPI and only one child (2%) used an MDI without
a spacer. Thirty-three children (72%) used a bronchodila-
tor in combination with an ICS, the remaining children
used either a bronchodilator (n = 12; 26%) or an ICS (n =
1; 2%).BMC Research Notes 2009, 2:129 http://www.biomedcentral.com/1756-0500/2/129
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Inhalation technique
Because two very young children refused to demonstrate
their inhalation technique, demonstration data are avail-
able for only 44 of the 46 children. Table 1 summarizes
the three most frequently made mistakes during the dem-
onstration of the technique and the three most frequent
incorrect answers. One child made no mistakes during the
demonstration.
Not shaking the inhaler before use was the most fre-
quently made mistake (n = 9; 20%) during the demon-
stration; and "When I need two doses, I can activate MDI
twice before starting to inhale through spacer" was the
most frequently noted incorrect answer (n = 19; 43%).
Each child made on average 2.6 mistakes (range: 0 – 7) in
demonstrating, and on average 2 mistakes (range: 0 – 5)
were noted on the questionnaire.
Actual use of inhalers compared with prescribed use
Pharmacy prescription labels were available from 32 chil-
dren. Twenty of the 32 children (63%) used the inhaler as
indicated on the prescription label. All children having
one inhaler used their inhaler as indicated on the prescrip-
tion label. Of the children having two inhalers, only 39%
used both their inhalers as indicated on the label. The fol-
lowing mistakes were made: three children used their
bronchodilator 'as needed' instead of daily. Five children
used their bronchodilator daily instead of 'as needed'.
Four children were using their ICS 'as needed' and one
child did not use the prescribed bronchodilator.
Education
Of all parents, 42 (91%) had received some instruction
about the inhalation technique; this instruction was clear
for 41 of them. Of these 42 parents, 19 (45%) had
received instruction at the pharmacy, 11 (26%) at the gen-
eral practice, 7 (17%) at the hospital, 4 (10%) had more
than one source of instruction, and 1 (2%) had received
instruction from friends or family. There was no relation-
ship between the different sources of education and mis-
takes related to inhalation technique or therapy
adherence.
Decision concerning inhaler use
In total, 87% of the parents decided when and how the
inhaler had to be used. The mean age of their total of 40
children was 4.9 (SD 3.2) years. The six children, who
decided themselves when and how they used the inhaler,
had a mean age of 8.5 (SD 1.8) years. There was no signif-
icant difference between both groups regarding mistakes.
Inhaler management
Table 2 summarizes the parental reports on assessing an
inhaler for remaining doses of the drug. We considered
the following categories to be correct: looking on counter
of inhaler; spraying on dark background; if inhaler floats
in water, it is empty; and counting remaining doses with
agenda. The reports of 12 of the 46 subjects (26%) were
correct.
Table 3 shows the parental reports on cleaning the spacer.
We considered only cleaning the spacer with soap, and let-
ting it dry in the air to be correct. Of the 41 subjects (49%)
using a spacer, 20 (49%) reported to clean it correctly.
Discussion
Despite decades of experience with inhaler therapy, a vari-
ety of mistakes concerning therapy adherence, the inhala-
tion technique, and mistakes in the handling of spacer
and device were made by Dutch children. The important
role of the parents in all of these aspects is highlighted in
this discussion.
Therapy inconsistency
To determine therapy inconsistency we compared the
reported use with the pharmacy prescription label, in our
opinion the most appropriate source for comparison. The
use of more than one inhaler was most frequently the rea-
son for inappropriate use. Parents decide when and how
the inhaler is to be used for most of the children, which
confirms their important role in compliance with inhaler
therapy. Noteworthy is that four children only used their
ICS in case of symptoms, although ICS are a long-term
maintenance therapy and should be administered daily.
Table 1: Essential mistakes during demonstration of inhalation technique and in questionnaire (n = 44)
Type of mistake made in demonstration of technique n (%)
Forgot to shake inhaler before use 9( 2 1 )
Waiting >5 sec before inhaling spacer after MDI activation 8 (18)
Not pressing spacer mask on face 8( 1 8 )
Type of mistake made in questionnaire on technique
Activating MDI twice before inhaling through spacer, when two doses are needed 19 (43)
Not rinsing the mouth after using ICS inhaler 4( 9 )
Making less than five inhalations through spacer 3( 7 )BMC Research Notes 2009, 2:129 http://www.biomedcentral.com/1756-0500/2/129
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Inhalation technique
We found that many subjects did not shake their inhaler
(c.f. Kamps et al)[6]. However, despite their mistake, most
subjects knew that the inhaler had to be shaken before
use. On the other hand, nineteen subjects did not know
that it is recommended to activate the MDI once, inhale
the first dose of drug, and then activate the MDI again for
a second dose [16].
Most of the parents received the instruction either at the
pharmacy or the general practice, emphasizing that both
organisations play an important role in educating parents
about the inhalation technique.
Inhaler management
Most parents reported an incorrect method of assessing an
inhaler for remaining doses. Most of them spray in the air
to see whether the inhaler still contains gas. Fifteen sub-
jects reported that they clean and dry their spacer with a
towel. This is incorrect because the generated static load
will prevent the drug from leaving the spacer for the first
few inhalations [16]. Four subjects reported that they
never cleaned their spacer.
Is every mistake a failure?
Dutch children and their parents make a variety of mis-
takes when using an inhaler. However, despite the mis-
takes made, none of the children included in this study
had severe asthma symptoms. It is therefore important to
further investigate the effect of both the inhalation tech-
nique and the therapy consistency on asthma control.
Especially ICS have become very potent in the last decade
and even with a less correct inhalation technique relief of
symptoms might be achieved.
Strengths and limitations
This present study has several potential limitations.
Although our strategy of using self-reports may not be
ideal, no feasible alternative is available [8,10,12]. During
the technique demonstration, some of the younger chil-
dren became shy, which probably influenced their inhala-
tion technique. The limited number of general practices
and pharmacies may have affected the results. The propor-
tion of responders, although low, is not uncommon in
this setting [18]. As responders were probably more com-
pliant, given their interest in the study, the overall compli-
ance and inhaler technique might be even worse than our
results suggest.
Strength of the present study is that the children were vis-
ited at home allowing them to demonstrate their inhala-
tion technique in a familiar environment. We also
explored knowledge on the inhalation technique and use,
and combined these findings with the prescription.
Conclusion
Children and their parents still make a variety of mistakes
when using an inhaler. Concerning the inhalation tech-
nique, some easy to avoid mistakes were made, e.g. shak-
ing and activating twice an inhaler before use. Therapy
adherence was not optimal, especially when more than
one inhaler was prescribed. In addition, mistakes were
made related to cleaning the spacer and assessing the
inhaler for remaining doses.
Practice implications
Inadequate knowledge of when and how to use prescribed
medication is one of the major barriers in achieving
asthma control [19]. It is important that the GP give
appropriate and written instruction to the parents, who
play a prominent and important role in compliance with
therapy of their children.
First of all, the inhalation technique should be clearly
explained and well demonstrated. Preferably, this should
be checked again during follow-up appointments to cor-
rect mistakes. Therapy regimen should be discussed, par-
ticularly when more than one inhaler is prescribed. An
explanation of the difference between maintenance ther-
Table 2: Parental report on assessing remaining doses (n = 46)
Method used n( % )
Correct
Looking on counter 3 (7)
Spraying against dark background 4 (9)
If inhaler floats in water, it is empty 2 (4)
Counting remaining doses using agenda 3 (7)
Incorrect
Feeling inhaler weight while shaking 9 (20)
Listening to inhaler while shaking 4 (9)
Spraying in the air 13 (28)
If inhaler sinks in water, it is empty 1 (2)
Not assessing at all 7 (14)
Total 46 (100)
Table 3: Parental report on cleaning spacer (n = 41)
Method used N( % )
Correct
Soaping inhaler, dry in air 20 (49)
Incorrect
Soaping inhaler, dry with towel 15 (36)
Cleaning inhaler in dishwasher 2 (5)
No cleaning at all 4 (10)
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apy and rescue medication is essential. We recommend
further studies into the effect of education and monitor-
ing on the appropriateness of inhalation technique in
children (c.f. Haynes et al.[20]).
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
JHJMU participated in the design of the study and helped
to draft the text. YvU did the fieldwork and drafted the
text. JCvdW participated in the design of the study and
helped to draft the text. PJEB helped to draft the text. All
authors read and approved the final manuscript.
Funding body
The design, data collection, analysis, the writing of data
and writing of the manuscript reported in this paper was
made possible through internal funding of the depart-
ment of General Practice, Erasmus Mc-University Medical
Center Rotterdam.
Additional material
References
1. Masoli F, et al.:  Global Burden of Asthma, 2004.   [ h t t p : / /
www.ginasthma.org].
2. O'Connell EJ: Optimizing inhaled corticosteroid therapy in
children with chronic asthma.  Pediatr Pulmonol 2005, 39:74-83.
3. Pedersen S, Frost L, Arnfred T: Errors in inhalation technique
and efficiency in inhaler use in asthmatic children.  Allergy
1986, 41:118-24.
4. van Beerendonk I, Mesters I, Mudde AN, Tan TD: Assessment of
the inhalation technique in outpatients with asthma or
chronic obstructive pulmonary disease using a metered-
dose inhaler or dry powder device.  J Asthma 1998, 35:273-9.
5. Chen SH, Yin TJ, Huang JL: An exploration of the skills needed
for inhalation therapy in schoolchildren with asthma in Tai-
wan.  Ann Allergy Asthma Immunol 2002, 89:311-5.
6. Kamps AW, van Ewijk B, Roorda RJ, Brand PL: Poor inhalation
technique, even after inhalation instructions, in children with
asthma.  Pediatr Pulmonol 2000, 29:39-42.
7. Vella C, Grech V: Assessment of use of spacer devices for
inhaled drug delivery to asthmatic children.  Pediatr Allergy
Immunol 2005, 16:258-61.
8. Milgrom H, Bender B, Ackerson L, Bowry P, Smith B, Rand C: Non-
compliance and treatment failure in children with asthma.  J
Allergy Clin Immunol 1996, 98:1051-7.
9. McQuaid EL, Kopel SJ, Klein RB, Fritz GK: Medication adherence
in pediatric asthma: reasoning, responsibility, and behavior.
J Pediatr Psychol 2003, 28:323-33.
10. Bender B, Wamboldt FS, O'Connor SL, Rand C, Szefler S, Milgrom H,
et al.: Measurement of children's asthma medication adher-
ence by self report, mother report, canister weight, and
Doser CT.  Ann Allergy Asthma Immunol 2000, 85:416-21.
11. Gibson NA, Ferguson AE, Aitchison TC, Paton JY: Compliance
with inhaled asthma medication in preschool children.  Thorax
1995, 50:1274-9.
12. Jonasson G, Carlsen KH, Sodal A, Jonasson C, Mowinckel P: Patient
compliance in a clinical trial with inhaled budesonide in chil-
dren with mild asthma.  Eur Respir J 1999, 14:150-4.
13. Gustafsson PM, Watson L, Davis KJ, Rabe KF: Poor asthma control
in children: evidence from epidemiological surveys and
implications for clinical practice.  Int J Clin Pract 2006, 60:321-34.
14. Mudd K, Bollinger ME, Hsu VD, Donithan M, Butz A: Pharmacy fill
patterns in young urban children with persistent asthma.  J
Asthma 2006, 43:597-600.
15. WHO Collaborating Centre for Drug Statistics Methodol-
ogy   [http://www.whocc.no/atcddd]
16. Netherlands Asthma Foundation   [http://www.astmafonds.nl]
17. Palen J Van der, Klein JJ, Van Herwaarden CLA, Zielhuis GA, Seydel
ER: Multiple inhalers confuse asthma patients.  Eur Respir J
1999, 14:1034-7.
18. Van der Wouden JC, Blankenstein AH, Huibers MJH, Van der Windt
DAWM, Stalman WAB, Verhagen AP: Survey among 78 studies
showed that Lasagna's law holds in Dutch primary care
research.  J Clin Epidemiol 2007, 60:819-24.
19. Dekhuijzen PN, Magnan A, Kneussl M, ADMIT Working Group: The
ADMIT series – issues in inhalation therapy.  Prim Care Respir J
2007, 16:341-8.
20. Haynes RB, Ackloo E, Sahota N, Mc Donald HP, Yao X: Interven-
tions for enhancing medication adherence.  Cochrane Database
Syst Rev 2008:CD000011.
Additional file 1
Inhalation technique questionnaire and general questionnaire items. 
With these questionnaire items, the appropriateness of the inhalation 
technique was assessed.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1756-
0500-2-129-S1.doc]